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Title 

Titanocene-based catalyst system 

The present invention relates to a solid catalyst system comprising a mctallocene 
containing titanium as central metal (titanocene) and a partially dealcoholated adduct of 
magnesium dihalide and alcohol. 

The. use of metallocene compounds and, in particular, titanocene compounds as catalyst 
components for the polymerization of olefins is well know in the art. They are usually 
used in conjunction with alumoxanes as cocatalysts. The catalyst systems comprising 
titanocene compounds and alumoxanes can be used supported on an inert support in 
order to control the morphology of the obtained polymer and to avoid fouling in the 
reactor, especially in a gas-phase or slurry polymerization processes. 
The drawback of the catalyst systems so obtained is that since alumoxanes need to be 
used in large excess with respect to titanocene compounds the resulting catalyst is very 
expensive. Therefore it should be desirable to reduce or eliminate the use of alumoxanes. 
Magnesium chloride is a well-known support for Ziegler-Natta based catalyst systems 
containing titanium halide. The use of this compound as a carrier for single-site catalysts 
could be very advantageous, in view of its chemical and structural simplicity, and to the 
possibility to finely control the porosity of this support and, therefore, to easily tune the 
porosity of the final catalyst system. 

Several catalyst systems trying to solve the problem of the use of alumoxanes in a 
magnesium halide supported catalyst system have been proposed in the art. 
For example in Macromol Chem. Phys. 195, 1369-1379 (1984) MgCl 2 in combination 
with a zirconocene catalyst and trialkylaluminum is used. More recently, In 
Macromolecules 1993, 26, 4712 mixtures of MgR 2 and A1R 2 C1 (generating MgCl, and 
A1R 3 ) as cocatalyst components for olefin polymerization using various metallocenes 
have been used- In various papers, namely, Korean J. Chem. Eng. 16(5) 562-570, Journal 
of Applied Polymer science Vol 70, 1707-1715, Korean J. Chem- Bug. 19(4) 557-563 
and 3. Molec. Catal A 191, 2003, 155-165 Lee and co-workers, proposed a metalloccnc- 
based catalyst system in which alcohol and anydrous MgCb are reacted to fonn an 
adduct MgClz-alcohol- The adduct, further reacted with trialkylaluminum, is used for 
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supporting zirconocene compounds. The obtained catalyst system can be used 
without a further addition of aluraoxanes. 

la all these documents only metallocene compounds in which the central metal is 
zirconium have been used, moreover the adduct MgCl 2 alcohol used is not dealcoholaled 
and it is not characterized by particular values of porosity and surface area. As shown in 
the comparative tests of the present application the use of a dcalcoholatcd adduct of 
magnesium halide and alcohol improves the activity of the titanium-based catalyst 
system. 

US 5698487 relates to a magnesium halide having a surface area (BET) greater than 50 
m 2 /g, porosity (BET) greater than 0.15 cm 3 /g and porosity <Hg) greater than 0.3 cm 3 /g. 
The adduct MgCl 2 -alcohol having these features has been used in combination with 
trialkylaluminum or alumoxane for supporting mctallocene compounds. Tn all the 
working examples the metallocene compound is combined with trialkylaluminum or 
alumoxane before contact with the above support. As shown in the comparative lost of 
the present application when the titanocene is not prereacted with trialkylaluminum the 
polymerization activity of the resulting catalyst system is improved. 
The object of the present invention is a catalyst system obtainable by the process 
comprising the following steps: 
a) contacting 

(i) a partially dealcoholated adduct of formula MgT 2 'wROH wherein T is 
chlorine, bromine, or iodine, preferably chlorine; R is a linear or branched 
C r C 10 alkyl radical, preferably R is a linear C,-C 10 alkyi radical; more 
preferably R is a methyl or an ethyl radical; w ranges from 3 to 0-1, 
preferably from 3 to 0.5; more preferably from 3 to 1 being also a non integer 
number; with 

(ii) an organo-aluminium compound of formula H e AlU^ or BJd^ where the U 
substituents, same or different, are hydrogen atoms, halogen atoms, or 
hydrocarbon *adicals containing from 1 to 20 carbon atoms optionally 
containing silicon or germanium atoms; with the proviso that at least one U is 
different from halogen, and e ranges from 0 to 1, being also a non-integer 
number, preferably such a hydrocarbon radicals aro linear or branched, cyclic 
or acyclic, Q-C^alkyl, Q-C^ alkenyl, C 2 -C 20 alkynyl, C 6 -C 20 -aryl, 
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C 7 -C 20 -alkylaryl or C 7 -C 2 o-ary1alkyl radicals optionally 

containing silicon or germanium atoms; preferably U is a linear or branched CV 
Q 0 -alkyl radical; more preferably U is an ethyl, a n-propyl, a iso propyl, a n- 
butyl, a iso-btttyl, a tert-butyl, a hexyl or an octyl radical; 
to obtain an adduct of formula 0) 

MgT 2 'yAlQj(OR) 3 .j (1) 

wherein 

y ranges from 1.00 to 0.05; 

Q has the same meaning of U excluding hydrogen and halogen atoms; 
R has been described above 

and j ranges from 0.01 to 3.00, being also a non-integer number, 
b) contacting the product obtained from step a) with at least one mctallocene 

compound having titanium as central metal and at least one ligand having a 

cyclopentadienyl skeleton; 
with the proviso mat the metallocene compound of step b) is not previously treated with 
an organo-aluminiam compound of formula H^Us-* or 1%M 2 V^, or with an alumoxane. 
In step a) the product obtained by combining the partially dealcoholated addud of 
formula MgttfwROH (i) and organo-aluminium compound of formula H e AlU 3< or 

HcAl 2 U6-« (ii) is an adduct of formula G) 

MgT 2 yAlQj(OR)3.j (1) 

preferably in the compound of formula (I) y ranges from 0.50 to 0.10; more preferably it 
ranges from 0.40 to 0.10; 

j preferably ranges from 2.50 to 2.00; more preferably it ranges from 2.50 to 2.20. 
Preferably said adduct of formula (I) has a surface area (BET) higher than 30 m 2 /g; more 
preferably higher man 38 m 2 /g; even more preferably higher than 200 m 2 /g; but it can 
reach values higher than 300 m 2 /g. 

Apreferred class of metallocene compounds to be used in step b) belongs to the following 
formulas (U), (HI), (IV) or (V) 
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wherein 
Ti is titanium; 

the substitute X, equal to or different from each other, are monoanionic sign* ligands 
selected from the group consisting of hydrogen, halogen, R 6 , OR 6 , OCOR* SR 6 , NR 6 2 
and PR e 2 , wherein R 6 is a hydrocarbon radical containing from 1 to 20 carbon atoms 
optionally containing one or more Si or Ge atoms; preferably R 6 is a linear or branched, 
cyclic or acyclic, C-Cao-alkyl, C 2 -C 20 alfcenyl, C 2 -C 20 alkynyl, Q,-C 2() -aryl,' 
C 7 -C 20 -alkylaryl or CT-C^-arylalkyl optionally containing one or more Si or Ge atoms; 
the substituents X are preferably the same and are preferably halogen, R 6 , OR 6 and NRV 
wherein R 6 is preferably a Q-C 7 alky], C 6 -C M aryl or C 7 -C u arylalkyl group, optionally 
containing one or more Si or Ge atoms; more preferably, the substituents X are selected 
from the group consisting of -CI, -Br, -Me, -Et, -n-Bu, -sec-Bu, -Ph, -Bz, -CH 2 SiMe 3 , -OEt, 
-OPr, -OBu, -OBz and -NMe^- more preferably X is CI or Me. 
p is an integer ranging from 1 to 2; 

L is a divalent bridging group selected from C,-C TO alkylidene, C 3 -C 20 cycloalkylidene, Q- 
C 20 arylidene, C 7 -C 20 alkylarylidene, Or Cy-Qo arylalkylidenc radicals optionally containing 
heteroatoms belonging to groups 13-17 of the Periodic Table of the Elements, and silylidene 
(FE6163-EP) 
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radical containing xvp to 5 silicon atoms such as SiMea, SiPh^; preferably L is a divalent 
group (ZR 7 m )n; Z being C s Si, Ge 3 N or P, and the R 7 groups, equal to or different from each 
other, being hydrogen or hydrocarbon groups containing from 1 to 20 carbon atoms, or two 
R 7 can form a aliphatic or aromatic C4-C7 ring; preferably R 7 is hydrogen or a linear or 
branched, cyclic or acyclic, Ci-Czo-alkyl, C2-C2Q alkenyl, C2-C20 alkynyl, QrCaHtryl* 
C7-C2o-a)kylaryl or Cy-Qo-arylalkyl radical; 

more preferably L is selected ftom Si(0»3>, SiPha, SiPhMe, SiMe(SiMe3), CHz, (CHz)z 7 
(CH2>orC(CH 3 )z; 

m is 1 or 2, and more specifically it is 1 when Z is N or P, and it is 2 when Z is C, Si or Ge; 
n is an integer ranging from 1 to 4; preferably it is 1 or 2; 

R\ R 2 , R 3 , R 4 and R 5 , equal to or different from each olher, are hydrogen atoms, C1-C40 
hydrocarbon groups optionally containing one or more heteroatoms belonging to groups 
13-17 of the Periodic Table of the Elements; or two adjacent R ] , R 2 , R* R 4 and R 5 form one 
or more 3-7 membcred ring optional containing heteroatoms belonging to groups 13-17 
of the periodic table; such as to form with the cyclopentadienyl moiety the following 
radicals: indenyl; mono-, di-, tri- and tetra-methyl indenyl; 2-metbyl indenyl, S-Wtyl- 
indenyl, 2-isopropyli-4-phenyl indenyl, 2-methyl-4-phenyl indenyl, 2~methyl-4,5 henw 
indenyl; 3-trimethylsiiyl-indenyl; 4,5,6,7-tetxahydroindenyl; fluorcnyl; 5,10- 
dihydroindeno[l,2-b]indol-10-y]; N-methyl- or N-phenyl-5,10-dihydroindeno [l,2-b]indol- 
10-yl; S,6-dihydromdeno[2,^b]indol-6-yl; N-melhyl-or N-phmyl-5,6-dihydroindeno[2,l- 
b]indol-6-yl; azapentalene-4-yl; thiapentaiene-4-yl; azapentalene-<5-yl; thiapentalene-6-yl; 
mono-, di- and tri-methyl-azapentalene-4-yl, 2,5-dimethyl-cyc!opBniafl > 2-b;43*b'3- 
dithiophene; 

preferably R l , R 2 , R 3 , R 4 and R 5 are hydrogen atoms or linear or branched, cyclic or 
acyclic, Ci-C^-alkyl, C2-C50 alkenyl, C2-C40 alkynyl, Q-Gio-aryl, Cv-C^-alkylaryl or 
C7-C4o-aiylalky1 radicals, optionally containing one or more heteroatoms belonging to 
groups 13-17 of the Periodic Table of the Elements; or two adjacent R l , R 2 ? R 3 , R 4 and R 5 
form one or more 3-7 membered ring optional containing heteroatoms belonging to 
groups 13-17 of the periodic table; 

A is a NR 6 , O, S radical wherein R 8 is a d-Czo bydmcarbon group optionally containing 
one or more heteroatoms belonging to groups 13-17 of the Periodic Table of the Elements; 
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preferably R 8 is a linear or branched, cyclic or acyclic, Ci-CuHttyt, O 2 -C 20 alkcnyl, 
C 2 -C 20 alkynyl, C6-C 20 -aryl, C 7 -C 2r alkylaryl or C-C^-arylalkyi radical optionally 
containing one or more heteroatoms belonging to groups 13-17 of the Periodic Table of the 
Elements; more preferably R a is tert-butyL 

B is ahydrogen atom, a halogen atom, R 6 , OR*, OCOR 6 , SR 6 , NR 6 2 and PR* 2 , wherein R" 
has been described above; otherwise B is a NR° radical wherein R 9 is a c.-Ck, 
hydrocarbon group optionally containing one or more heteroatoms belonging to groups 13- 
17 of the Periodic Table of the Elements; 

Non limiting examples of compounds belonging to formulas (II), (ITT), (JV) and (V) are the 
following compounds (when possible in either their meso or racemic isomers, or mixtures 
thereof): 

bis(cyclopentadienyl)titanium dichloride; 
bis(indenyl)titanium dichloride; 
bis(tetrahydroindenyl)titanium dichloride; 
bis(fluorenyl)titanium dichloride; 
(cyclopentadienyl)(indenyl)titanium dichloride; 
(cyolopentadienyl)(fluorenyl)titanium dichloride; 

(cyclopentadienyl)(tetrahydromdenyl)titanium dichloride; 
(fluorenyl)(indenyl)titanium dichloride; 

dimethylsilancdiylbis(indenyj)titanium dichloride, 

dimethylsilanediylbis(2-memyl-4-phenylmdenyl)tkaniiimdichlori 

dimethylsilanediylbis(4-naphthylindenyl)titanium dichloride, 

mmethylsilanediylbis(2-memylindenyl)titanium dichloride, 

dimemylsilanediylbis(2-methy]-4-t-butyKndenyl)dtaniumdichlori 
dimemyl$ilanediylbis(2-me^^ 

dimemylsilanediylbis(2,4-dichlorideindenyl)titaniwn dichloride, 

dimethylsilancdiylbis^-memyl-^S-benzoindeny^titanium dichloride, 

dimethylsUanediylbis(2,4,7-ni me thylindenyl)nHanium dichloride, 

dimethylsUanemyIbie(2,4,6--trimethylindenyl)titanium dichloride, 

dimemylsilanediylbis(2,5,6-trimethylmdenyl)titanium dichloride, 
memyl<phenyl)si^^^ 

^MCphenyl^ilanedW^ 

(FE6163-EP) 
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l,2-ethylenebis(indenyl)titaniiim<licMoride, 
l>ethylenebia(4J-dicMoriclejflidei\yl)titaniura dichloride, 
1 ,2-ethyJen6bis(2-methyl-4-phenylindenyl)titanium dichloride, 
1 ,4-butanediylbis(2-tnethyl-4-pbenylindenyl)titanium dichloride, 
1 ,2- ethylenebis(2'methyl-4,6-dusopropylindenyl)titantum dichloride, 
1 ,4-butaixediylbis(2-methyl-4-isopropylindeiiyl)titaiiiiim dichloride, 
1 ^butanediylbisCa-methyl-^S-benzoindeny^titaiiiuTn dichloride, 
1,2- ethylenebis (2-methyl-4,5-benzoindenyl)titanium dichloride, 
[4-(^ 5 -cyclopentadienyl)-4,6,6-trimethyl(7j 5 -4 } 5-tetrahydro- 

peataleoe)]dicMoridetitanium, 

^.(g^S'-trimethylsilylcyclopentadienylH^^-triraethyKJ? 5 ^^- 

tetrahydtopentalene)]dichloridetitanium 5 

(tert-butylamidoXtetramethyM^^ 

(Tnethylamjdo)(tetramethyH 5 -cyclopentadienyl)dichloridesilyl-d^ 

(roetoylamidoXtetrame^^ 
(tertbotylamido)-(2^ 

bi$(l ,3-dichloridecyclopentadienyl)titanium dichloride, 
m e1hylene(3-me%l-cyclopenta^ 
dithiophene)titamum dichloride; 
methylen e (3-isopropyl-cyclop^^ 
dithiophene)titanium dichloride; 
m ethylene(2,4-dicMoride-cyc^^ 
b'] ditbiophcne)titanium dichloride; 
m ethylene(2,3,5-trimethyl-cyc^ 

b:4,3-b'] dithiophene)titaniuin dichloride; 
methylene-Hiudenyl)-7-(2,5-dimethylcyclopentadienyl-[l»2-b:4,3- 

b']dithiophene)titaniam dichloride and dichloride; 
methylene4<indenyl)-7-(2,5-ditrimethylsilylcycIopetiladienyl-[l,2-b'-4,3- 

b']dithiophene)titanium dichloride; 

metbylene-l<3-isopropyl-indenyl)-7K2,5-dimethylcyclop6ntadienyJ-[l,2-b:4,3- 
b']dithiophcne)titanittm dichloride; 
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methyl C ncl-(2-«6thyHnden y ])-7-(2 3 5- * dimethylcyclopentadienyl^l^b^.S- 
b']dithiophene)titanium dichloride; 

b']dithiophene)titanium dichloride; 

b']dioxa2ol)titanium dichloride; 

^thylene^S-trime^ 

bi4 } 3-b'] dioxazol)titanium dichloride; 

metbylei^Hin^^^ 

dichloride; 

b'J dithiophene)titaftiui» dichloride; 

i S opropyHden e (2Adimethyl-cyclopentadi e nyl).7.(2,5-dimethylcyclop^ 
b:4,3-b'] ditIiiophene)tjtanium dichloride; 
isopropylideneC^diethyl-cy^^ 
b:4,3-b'] dithiophene)titanium dichloride; 

b:4,3-b'] dilhiophene)titaiiium dichloride; 
isopropyliden^l-(mdeny^ 
b'Jdithiophene)litanjum dichloride; 

b T ]dithiophene)titanium dichloride; 
^ethyiffllandiyM^ 

b']ditfaiophene)hafiiium dichloride; 
tfm^ylsilanediyl^^ 

dimethylsilanediylCS-melhyl-cyclopentadienyOC^fluorenyOtitanmm dichloride. 

dimethyl S iian e diylC3.e*hyl-cyclopentadienyl)(9-fluor e ny1)titoiiu m dich ' 
l-2-ethan e (3-tert-buty^ 

1-2-efhane (S-isopfopyl-cyclopentadienyDCP-fluorenyl^tanium dichloride, 

1-2-ethane O^ethyl-cyclopentadienylXP-fluorcny^titanium dichloride, 

l-2-e1hane(3-efhyl-cyclopentadienyl)(9-fluorenyl)tita n itiiii dichloride, 
(FE6163-EP) 
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dimettiylsilandiylbis-e-O- methyl C yclopentadi e nyl-[l,2-b]^hiophen e ) 
dichloride; 

dhrietbytalandiylbis-6-<4-m^^ 
flmethylsilandiylbis-6-(4-iso^^^ 

dichloride; 

dimclM^landiyTbi^6-(4-t^^^^ 
dichloride; 

dichloride; 

4imetoytalandiylbis^(3^^ 
dichloride; 

dimethylMlandiyltM^2,5-dim^ 
thiophene]titanium dichloride; 
d*methytalandiylbis-6-[2,5-dim^^^ 
thiophene]titanium diohloride; 
dimethylsilandiylbis-e-j?^^ 
tbiophene]titamum dichloride; 
dimelhylsilaadiylto^ 

thiophene)tftanium dichloride; 

dimefhylsnaiKiiylbi^^^ 

dichloride; 

diraethylsilandiylbis-6-(2,5-diisopropyl-3-phenylcyclopentadienyl-[l 9 2-b]- 

thiophene)titanium dichloride; 
dimeftyldlandiyibto-6^5 
thiophene)titanium dichloride; 

thiophene)titanixim dichloride; 
dimethylsilaadiylbis^ 
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dimefliylsilandiy]bis-6-(2,5-dichloride-3- phcnylcyclopemadienyl-p ,2-b]- 

silole)titanium dichloride; 

dimethylsilandiylbis-G^S^ichlori^ ,2-b]- 

silole]titanium dichloride; 

<Mmethyl$ils m diylbis-6-[2,5-d^^^^ 

b]-silole]titamum dichloride; 

dimethylsilandiylbis-6~[2 s 5-di^ 

silolejtilaniurn dichloride; 

draethylsilandiylbis-CHW-^^^ 

dichloride; 

[dimelfcylsilyl(tert^^^^ 
yl)]titanium dichloride; 

[dimethyI S ilyl(tert-b«tyiamido)3[(6^ethyl-N-m 
yl)]titanium dichloride; 

[dimethylsflyKtert^ 
2~yl)Jtitanium dichloride; 
[<Kmethylsilyl(tert^ 
dichloride; 

[diraethylsilyl(tert.butylamido)J[(N-phenyl-l ,2-dihydrocyclopenta[2, l-b]indol2- 

yl)Jtitanium dichloride; 

[diraethyl 5 ilyl(te^^ 

yl)]titanium dichloride; 

[dimethylsijyj(tert-butyli^ 

b]indol2-yl)]titaninm dichloride; 

[dtmethylsilyl(tert-butylamido)][(N-methyl-3,4^^ 
b]indol-2-yl)]titanjum dichloride; 
[dimethylsilyl(tert-b^ 
b]mdol-2-yl)]titamum dichloride; 

2-yl)]titaimim dichloride; 

as well as the corresponding dimethyl, hydrochloro and dihydro compounds 
(FE6163-EP) 
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Suitable metallocene completes belonging to formulas (II), (ni) (IV) mid (V) arc 
described in WO 98/22486, WO 99/58539 WO 99/24446, USP 5,556,928, WO 96/22995, 
EP-485822, EP-485820, USP 5,324,800, EP-A-0 129 368, USP 5,145,819, EP-A-0 485 
823, WO 01/47939, WO 01/44318, PCT/EP02/13552, EP-A-0 416 815, EP-A-0 420 436, 
EP-A-0 671 404, EP-A-0 643 066 and WO-A-9 1/04257. 

The partially dealcobolated adduct of formula MgiywROH used in step a) can be 
obtained by partial dealcoholation of adducts of MgT 2 with alcohols, said adducts 
containing from 1 to 6 mol of alcohol. It is possible that two adducts having the same 
content of alcohol, i.e. having the same brute formula, be different in porosity and 
surface area for the reason that one adduct is partially dcalcoholated. 
The dealcoholation can be carried out according to known methodologies such as those 
described in EP-A-395 083. Depending on the extent of the dealcoholation treatment, 
partially dealcoholated adducts can be obtained having an alcohol content generally 
ranging from 0.1 to 3 moles of alcohol per mole of MgTz. preferably from 2.9 to 0.5; 
more preferably from 2.9 tol . 

Said partially dehalcoholatcd magnesium adduct is then contacted with an organo- 
aluminium compound of formula HbAIUs-o or H^U^ in an inert solvent with methods 
common known in the art, such as the method described in EP-A-553 806. 
In step b) of the process of the present invention the titanocene compound can be 
supported on the carrier obtained in step a) according to known methods by bringing the 
product of step a) into contact, for example, with a solution of the titanocece compound, 
operating at temperatures between room temperature and 120°C The metalloccnc 
compound that is not fixed on the support is removed by filtration or similar methods or 
by evaporating the solvent. 

The amount of titanocene compound supported on the adduct of formula (I) is generally 
between 1000 /miol/g of support and 1 jimol/g of support; preferably said amount ranges 
from 500 /wnol/g of support to 2 f*mol/g of support; more preferably from 200 jmiol/g of 
support to 2 jraiol/g of support. 

The catalyst system object of the present invention can be used for (co)polymerizing one 
or more olefins. Therefore a further object of the present invention is a process for 
(co)pOlymeri3ing olefins containing from 2 to 20 carbon atoms comprising contacting 
one or more of said olefins under polymerization conditions in the presence of the 
(FE6163-EP) 
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catalyst system described above. Preferably alpha-olcfins containing from 2 
to 20 carbon atoms aroused. 

Examples of alpha-olefms that can be used with the process of the present invention are: 
ethylene, propylene, 1-butene, 1-pentene, 4-methyI-l-pentene, 1-hexene, 1-octene, 4,6- 
dimethyl- 1-heptene, 1-decene, 1-dodecene, 1-tetradecene, 1-hexadecene, l-octadecene 
and 1-eicosene. Preferred olefins are propylene, ethylene 1-butene, 1-hexene and 
1-octene. 

The following examples are given fijr illustrative purpose and do not intend to limit the 
invention. 

Materials and general procedures 

All manipulations were performed under an argon atmosphere using glove box (Braun 
MB-150 GI or LM-130) and Schlenk techniques. Solvents were distilled from Na 
(toluene) or Na/benzophenone (heptane) and freeze-thaw degassed twice before use. 
Cp 2 TiCl 2 and Cp 2 ZrCl 2 were purchased from Aldrich and recrystallised from toluene and 
dichloromethane respectively prior to use. 

rac-Ethylenebi$(indenyl)zirconium dichloride (Et[Ind] 2 ZrCb) was prepared according to 
F.R.W.P. Wild, L. Zsolnai, G. Huttner, H.H. Brintzinger, J, Organomel. Chem. 1982, 
232, 233. 

Me 2 Si(Me 4 Cp)(N'Bu)TiCI 2 was prepared according to EP 41 6815. 
Cp[l,3-(2%6'-Me z C§H3) 2 (CH5N) 2 C=N]TiCl 2 was prepared according to WO 02/070569. 
( , Bu 3 P=N)CpTiCl 2 was prepared according to D.W. Stephan, J.C. Stewart, F. Ga6rin, S. 
Courtenay, J. Kickham, E. Hollink, C. Beddie, A. Hoskin, T. Graham, P. Wei, R.E.v.H. 
Spence, W. Xu, L. Koch, X. Gao, D.G. Harrison, Organometaltics, 2003, 22, 1937. 
CpTiCfe was prepared according to A.N. Cardoso, R.J.H. Clark, S. Moorhouse, J. Chem. 
Sop., Dalton Trans. 1980, 7, 1 1 56. 

(*BuCp)TiCl 3 was prepared according to K. Nomura, N. Naga, M. Miki, K. Yanagi, 
Macromokcuks, 1999, 33, 7588. 

(CsH^Me^hyriCb was prepared according to J. Sa/Smannshausen, A.K. Powell, C.E. 
Anson, S. Wocadlo, M. Bochmann, J. Orgctnotnetctl. Chem, 1999, 592, 84. 
AlEta (25 wt.% solution in toluene) and AJEfcCl (25 wt. % solution in toluene) were 
obtained from Aldrich, whilst Al'Bu 3 (1M solution in hexane) was purchased from Fluka. 
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Ethylene (3.5 grade supplied by Air Liquide) was purified by passing over 
columns of 4A Molecular Sieves and BTS copper catalyst. 
The Al and transition metal contents were determined by atomic atomic absorption. 
Surface area (BET) is determined according to BET methods (apparatus used: 
SORPTOMATIC 1800 from Carlo Erba). 

The ethoxide content in the magnesium adducts was determined by GC analysis of the 

ethanol content of a solution obtained by dissolving 100 mg support in 5 mL »-BuOH 

containing a known quantity of w-PtOH as internal standard. 

Preparation of partially dealcoholated adduct of formula MgCl 2 wROH 

The adduct MgCl 2 3BtOH was prepared according to the procedure described in Example 

2 of Patent U.S. Pat. No. 4,399,054, operating at 300O rpm instead of at 10000 rpm. 

The adduct was partially dealconolated by heating in a stream of nitrogen at temperatures 

increasing from 30*C. to 180°C until an adduct containing the amount of ethyl alcohol 

reported in tabic 1 was obtained. 

Preparation of the catalyst system, general procedure 

step a) preparation of the support MgCl 2 /AlRj(OEt) 3 .j 

Typically, 10 mL n-heptane were added to 1 g of a adduct of magnesium chloride and 
ethanol prepared according to the procedure reported above under argon and the mixture 
was cooled to 0 °C. A 25 wt-% solution in the solvent indicated in table 1 of the organo- 
aluminium compound reported in table 1 was then added gradually, over 5-10 min. in a 
mol ratio Al/EtOH reported in table 1. The reaction being carried out in a standard 
Schlenk vessel equipped with a pressure release valve. After standing overnight at room 
temperature, the mixture was filtered and the solid washed twice with 1 0 mL heptane, 
step b) reaction with the metaUocene compound 

A solution of the metallocene compound reported in table 2 in toluene (4 mL) was added 
to 200 mg of support prepared in step a). The mixture was heated to 60 °C and kept at 
this temperature for 1 h. In the case of Cp 2 TiCl 2) a dark green solid was obtained, the 
liquid phase having become colorless. The liquid phage was removed by decantation and 
the solid phase was washed with heptane (2 mL) and dried under a flow of argon at 60°C. 

Preparation of the catalyst system, comparative examples I general procedure 

step a) preparation of the support MgCla/AlSUOEt);*, 

The same procedure followed for the above step a) was used. 

(1PE6163-EP) 
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step b) reaction with metallocenc compound 

A solution of the metallocene compound reported in table 2 (20 uniol) in toluene (4 mL) 
was mixed with triisobutylalummum (TiBAL) (100 umol) to give a violet solution. After 
1 h at room temperature, this solution was added to 200 mg of support prepared in step a) 
as indicated in table 1. The mixture was heated to 60 »C and kept at this temperature for 
I h, after which time a light green solid was obtained. In contrast to the experiments 
carried out without the catalyst/TTOAL precontact, the liquid phase was not colourless 
but remained violet. The liquid phase was removed by decantation and the solid phase 
was washed with heptane (2 mL> and dried under a flow of ar gon at <>0 o C. 
Preparation of the catalyst system, comparative examples n general procedure 
Preparation of nog dealcoholated adduce of formula MgC» 2 ,2.37EtOH 
Following the procedure described by Lee et aL in J. Molec. Catal. A jfiL 2003, 155, 
magnesium chloride (9.52 g) was mixed with ethanol (100 mL) and stirred at GO °C until 
dissolved. n-Decane (100 mL) was then added and the mixture stirred at (nominally) 
2000 rpm under vacuum at 80 °C. As described by Lee, precipitation was observed as the 
ethanol evaporated. The solid product was separated by decantation and washed first with 
toluene (50 mL) and subsequently petroleum ether (40-70 fraction; 2 x 20 mL), then 
dried under vacuum (1 mbar) for 20 min. to give a fine, ftcc-flowing powder. 
Determination of the ethanol content of the product, using a GC method, described above 
indicated the composition: MgCl 2 .2.37EtOH. 
step a) preparation of the support MgCiyAlEt,,(OEt) 3 .„ 

10 mL K-heptane were added to 1 g of the MgCl 2 .2.37EtOH support obtained as 
described above under argon and the mixture was cooled to 0 °C. AJEt 3 (25 wt-% 
solution in toluene) was then added gradually over 5-10 min., to give a mol ratio 
AlEt 3 /EtOH = 2, the reaction being carried out in a standard Schlenk vessel equipped 
with a pressure release valve. The mixture was allowed to warm slowly to room 
temperature and reaction was continued with occasional agitation Tor a further 2 days 
The resulting support was isolated by filtration, washed with heptane and petroleum ether 
(40-70) and then dried under a flow of argon and subsequently in vacuum, 
step b) reaction with metallocene compound 

A bright red solution of Cp 2 TiCl 2 (20 junol) in toluene (4 mL) was added to 200 mg of 
the above MgCl^AKOEt)^ support and the mixture heated to 60 °C and kept at this 
(FE6163-EP) 
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temperature for 1 h, after which time a green solid was obtained, the liquid phase 
having become colourless. The liquid phase was removed by decantation and the solid 
wa$ dried under a flow of argon at 60 C C. The green colour of tbe immobilized catalyst 
was less intense than observed in the examples given in table 2. 

step b) reaction with metallocewe compound previously treated with TIBAL 
(Al l Bu 3 ) 

A bright red solution of Cp 2 TiCl 2 (20 junol) in toluene (4 mL) was mixed with Al Bu 3 
(100 jumol), resulting in an immediate change of colour to give a violet solution. After 1 
h at room temperature, this solution was added to 20O mg of the above 
MgCl2/Et„Al(OEt)3- n support and the mixture heated to 60 °C and kept at this 
tompemwre for 1 h, after which time a light green solid was obtained- Tn contrast to the 
experiment carried out without tixe catalyst/ Al*Bu 3 precontact, the liquid phase was not 
colourless but remained violet. After removal of the liquid phase by decantation and 
washing with heptane (2 mL) the solid was dried under a flow of argon at 60°C. The 
results of the polymerization runs are reported in table 3. 



Polymerization runs 1 - 12 in table 2 were carried out in a 200 mL Buchi reactor 
equipped with a hollow-shaft turbine stirrer. 100 mg of immobilized catalyst was charged 
to the reactor, followed by 100 mL of heptane containing 1 mmol triisobutylaluminium 
(TTBAL). The reactor contents were heated in 5 min. to 50 °C at an ethylene 
overpressure pressure of I bar, after which the monomer pressure was increased to 5 bar 
and kept constant for 45 min. The stirrer rate was approx. 1200 tpm. After venting the 
ractor, the polymer slurry was mixed with 20 mL ethanol containing 9 % HC1, followed 
by 200 mL 1M HCl, q , and stirred for 20 min. The polymer was recovered by filtration, 
washed with water (3 x 200 mL) and cflianol (2 x 30 mL) and dried in vacuo overnight at 
70 °C. 

All other polymerization runs in tables 2 and 3 were carried out in a 1 L Premex 
autoclave equipped with a Vortex stirrer. Petroleum ether (40-70, 450 mL) was 
introduced via a canulla. The reactor contents were stirred and heated to 50 *C. 
Triisobutylaluminium (TIBAL, 1 mmol) in petroleum ether (40-70, 10 mL) was 
introduced via the catalyst injection system. An ethylene overpressure of 1 bar was 
applied and stirring continued for 540 min. A slurry of the immobilized catalyst (100 
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mg) in petroleum etfier (40-70, 10 mL) was introduced through the catalyst injection 
system, which was then flushed with a further 50 mL petroleum ether (40-70). The 
ethylene pressure was increased to 10 bar and kept constant for 2 h at a polymerization 
temperature of 50 °C, the stirrer speed being ca. 1000 tpm. Polymerization was 
terminated by injection of 20 mL methanol. After veniing the reactor, the polymer was 
isolated as described above. 

The polymerisation results are reported in tables 2 and 3. 

Molecular weights and molecular weight distributions of the resulting polymers were 
determined by high temperature GPC (PL-GPC210) at 135 °C using 1,2,4- 
trichlorobenzene as solvent. 
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Table I. 



O uppui L 


Starting material 


organo-alununium 
compound 


solvent 


Al/EIOH 
molar ratio 


A 


" Mirio i i EtOH 


AlEt 3 


toluene 


2 


B 


MgCl 2 .l.l EtOH 


Al'Bu 3 


hexane 


2 


C 


MgCfe.2.1 EtOH 


AlEt 3 


toluene 


2 


D 


MgCl 2 .2.1 EtOH 


~AVBu3 


hexane 


2 


B 


MgO*2.1 EtOH 


AlEfcCl 


toluene 


3 


F 


MgCl 2 .2.8 EtOH 


AlEt 3 


toluene 


2 


G 


MgCl 2 .2.8 EtOH 


Al l Bu 3 


hexane 


2 


H* 


MgCl 2 .2,37EtOH 


AlEt 3 


toluene 


2 



Comparative (non dehalcolated) 
table 1 continued 



Support 


Al.wt-% 


OEt,wt.-% 




Surface area 


A 


4,10 


4.9 


MgCla.0. 1 8 AlEt 2 .2«(OEt)o.72 


*39n??g~ 


B 


2.81 


3.1 


MgCl 2 .0.1 2Al'Bu z .34(OEt)o.66 


n.a. 


C 


4.80 


5.6 


MgCh.0.22AlEt 23 i(OEt)o.69 


373 m 4 /g 


D 


2.92 


3.8 


MgCfe.O.lSAl'Bu^OEQo.™ 


n.a. 


E 


6.83 


7.8 


MgCl 2 .0.36AlEti.3iCl(OEt)o.e9 


n.a. 


F 


5.98 


6.5 


MgCl 2 .0.29AlEt 2 . 3 s(OEt)o,65 


n.a. 


G 


4.14 


4.6 


MgCl 2 .0.21Al , Bu 2 ,33(OEl)o.67 


n.a. 


H* 


n.a. 


n.a. 


n.a. 


n.a. 


* compari 


itive (non dehalcolated magnesium alcohol adduct) 



n.a. not available 



(FE6163-EP) 



16. FEB, 2004 16:26 BASELL IP FERMM . . ' NR UK p „ 

027 16. 02 .'20*04 17; 02 



table 2 



Run 


SuDDOrt 




loaaing on 
1 « u pport 


t Activity 




Mw/M 

D 










kgAnol.b 
ar.h 






1 


A 




irtrt 
IUU 


218 


1181500 


2.6 


2 


B 




IUU 


207 


728600 


2.5 


3 


c 




1 1 Art 


327 


1106000 


2.7 


4 


c 




1 -I AA 

J lw 


315 


n.a. 


n.a. 


5 


c 




IUU 


320 


n.a. 


n.a. 


6 


c 




100 


217 


1113500 


2.5 


7 


D 


^,Jr2 *v*2 


i Art 


268 


1038500 


2.0 


8 


E 




t rtrt 
IUU 


50 


440300 


2.1 


9 


F 




1 Art ■ 

IUU 


85 


1000400 


2.8 


10 


G 


Cp 2 TiC] 2 


100 


89 


963600 


2.6 


11 


C 




100 


114 


734700 


2.4 


12 


C 


rac-Et(Ind) 2 ZrCl 2 


100 


5 




At* I 


13 


C 


Cp 2 TiCl 2 ~[ 


50 


343 


n.a. 


n.a. 


14 


C 


Cp z TiCi z ~T 


25 


432 


n.a. 


n.a. 


15 


C 


Cp 2 TiCl2 J 


10 


627 


n.a. 


n.a. 


16 


C 


Cp[l,3-(2%6'- 

Me 2 C6H 3 ) 2 (CH2N) 2 

C*N]TiCl 2 


100 


201 


n.a. 


n.a. 
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Table 2 - continued 



Run 


Support 


titonocene 


loading on 
support 


Activity 


M w 


M w /M 

n 










kg/mol.b 
ar.h 






17 


C 


Cp[l,3-(2\6'- 
C=N]TiCl 2 


5 


1834 


n.a. 


n.a. 


IS 


C 


Me 2 Si(Me 4 Cp)(N'B 
u)TiCl 2 


5 


465 


n.a. 


n.a* 


19 


c 


( l Bu 3 P=N)CpTiCl2 


5 


1230 


n.a. 


n.a. 


20 


A 


Cp 2 TiCl 2 


10 


606* 


619400 


2.3 


21 


A 


CpTiCla 


10 


7510* 


1081500 


2.2 


22 


A 


( l BuCp)TiCl 3 


10 


7520* 


865400 


2.4 


23 


A 


(C s H4CMe 2 Ph)TiCl 

3 


10 


7940* 


503300 


2.5 



♦polymerization time 1 hour 
n.a. not available 
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tabic 3 comparative examples 



Run 


Support 


titanoceae 


loading on 
support 


Activity 








jamol/g 


kg/moLbar.h 


3 


c 




100 


327 


94$ 






J 00 


91 


A 
\j 




ivi e20l(JVie4<jp J^JN !>UjTlCl2 


100 


217 




p 




100 


183 


16 


c 


Cp[l,3-(2',6'- 

Me 2 C 6 H3)2(CH 2 N) 2 ON]TiCl 2 


100 


201 


26* 


c 


Cp[lX2^6 , - 

Me2C 6 H 3 ) 2 (CH 2 N) 2 0=NJTiCl 2 + 


100 


47 


27 s 


c 


rac-EtOfad^ZrCh 


100 


8 


28 s 


c 




100 


20 


29 9 


H 


Cp 2 TiCl 2 


100 


262 


30 s 


H 


Cp 2 TiCl 2 + 


100 


25 



+precontacted with TIBA 
§ comparative example 



From the above table clearly results that the polymerization activity of the titanium-based 
catalyst system obtained according to the process of the present invention is higher than 
the activity of a similar catalyst system wherein the titanocene is prctreatcd with an 
organoaluminum compound such as TIBA. From the above table also results that this 
effect is achieved only when a titanium-based catalyst system is used, while for the 
zirconium-based catalyst the improvement of the activity due to the avoidance of the 
pretreatment with HBA is not present (see entries 27 and 28). Moreover when a non 
dealcholated magnesium chloride is used the activity of the titanoccne-based catalyst 
results to be lower (see entries 29 and 30 in which the support H is used). 
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Claims 

1 . A catalyst system obtainable by the process comprising the following steps: 
a) contacting: 

(i) a partially dealcoholated adduct of formula MgTfwROH wherein T is 
chlorine, bromine, or iodine; R is a linear or branched C,-Cio alkyl radical, w 
ranges from 3 to 0. 1 , being also a non integer number; with 

(ii) an organo-atannnium compound of formula H c AlU 3 -c or HcAfeL^, wherein the 
U substituents, same or different, are hydrogen atoms, halogen atoms, or 
hydrocarbon radicals containing from 1 to 20 carbon atoms optionally 
containing silicon or germanium atoms; with the proviso that at least one U is 
different from halogen, and e ranges from 0 to 1, being also a non-integer 
number, 

to obtain an adduct of formula (I) 

MgT 2 yAlQj(OR)3-j (I) 

wherein 

y ranges from 1 .00 to 0.05; 

Q has the same meaning of U excluding hydrogen and halogen atoms; 
R has been described above 

and J ranges from 0.01 to 3.00, being also a non-integer number, 
b) contacting the product obtained from step a) with at least one metallocene 

compound having titanium as central metal and at least one ligand having a 

cyclopentadienyl skeleton; 
with the proviso that the metallocene compound of step b) is not previously treated 
with an organo-aluminium compound of formula B^YU 3 -c or H c Al 2 U fl ^ or with an 
alumoxane. 

2. The catalyst system according to claim 1 wherein in me partially dealcoholated 
adduct of formula MgTVwROH T is chlorine; R is a linear C,-C, 0 alky! radical; w 
ranges from 3 to 0.5. 

3. The catalyst system according to claims 1 or 2 wherein in the organo-aluminium 
compound of formula HeAlt^ or B^UUt* U is a linear or branched C-Caralkyl 
radical. 
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4. The catalyst system according to anyone of claims 1 to 3 wherein in the 
adduct of formula (I) 

MgTiAlQCOR^jCl) 
y ranges from 0.50 to 0.10; j ranges from 2.50 to 2.00. 

5. The caialysi system according to any one of claims 1 to 4 wherein the adducl of 
formula (I) has a surface area (BET) higher than 30 m 2 /g. 

6. The catalyst system according to anyone of claims l to 5 wherein the amount of 
titanocene compound supported on the adduct of formula (I) in step b) is generally 
between 1000 /unol/g of support and 1 pmol/g of support. 

7. The catalyst system according to anyone of claims 1 to 6 wherein the titanocene 
compounds to be used in step b) belong to the following formidas (II), (in) (IV) or 
(V): 





TiXp 



(ID 



(ill) 



R 3 r2 

TiXp 



(IV) 



R V_V 

B 

(V) 



wherein 
Ti is titanium; 

the substituente X, equal to or different from each other, are monoanionic sigma 
Hgands selected from the group consisting of hydrogen, halogen, R 6 , OR 6 , OCOR 6 , 
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SR. 6 , NR 6 2 and PR 6 2 , wherein R 6 is a hydrocarbon radical containing from 1 to 20 
carbon atoms optionally containing one or more Si or Ge atoms; 
p is an integer ranging from 1 to 2; 

L is a divalent bridging group selected from C1-C20 alkylidene, C 3 -Czo 
cycloalkylidene, CrCm arylidene, C7-C20 alkylarylidcnc, or C7-C20 arylalkylidene 
radicals optionally containing heteroatoms belonging to groups 13-17 of the Periodic 
Table of the Elements, and silylidene radical containing up to 5 silicon atoms 
R 1 , R 2 , R\ R 4 and R 5 , equal to or different from each other, are hydrogen atoms, Ci- 
C40 hydrocarbon groups optionally containing one or more heteroatoms belonging to 
groups 13-17 of the Periodic Table of the Elements; or two adjacent R 1 , R 2 , R 3 , R 4 
and R 5 fbntt one or more 3-7 membcred ring optional containing heteroatoms 
belonging to groups 13-17 of the periodic table; 

A is a NR 8 , O, S radical, wherein R s is a C|-C 20 hydrocarbon group optionally 
containing one or more heteroatoms belonging to groups 13-17 of the Periodic Table 
of the Elements; 

B is a hydrogen atom, a halogen atom, R 6 , OR 6 , OCOR 6 , SR 6 NR 6 2 and PR 6 2 , 
wherein R 6 has been described above; otherwise B is a NR 9 radical wherein R 9 is a 
C1-C40 hydrocarbon group optionally containing one or more heteroatoms belonging 
to groups 13-17 of the Periodic Table of the Elements; 

8. A process for (co)polymerizing olefins containing from 2 to 20 carbon atoms 
comprising contacting one or more of said olefins under polymerization conditions in 
the presence of (he catalyst system of claims 1-7. 

9. The process according to claim 8 wherein one or more alpha-olefms are 
(co)polymerized. 

10. The process according to claim 9 wherein said alpha olefins are propylene, ethylene, 
1-butene, 1-hexene and 1-octene. 
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Abstract 

* 

A catalyst system obtainable by the process comprising the steps of contacting an adduct 
of formula (J) 

MgTj'yAlQCOR^a) 

wherein T is chlorine, bromine, or iodine; R is a linear or branched C]-Ci 0 alkyl radical; 
y ranges from 1.00 to 0.05; and j ranges from 0.01 to 3.00; with at least one metallocene 
compound having titanium as central metal and at least one ligand having a 
cyclopentadienyl skeleton. 
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